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1. 

EXHAUSTASSEMBLY 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention pertains to an apparatus employed in 

the delivery of a flow of breathing gas to the airway of a 
patient, and, more particularly, to an exhaust assembly 
adapted to provide a controlled flow of exhaust gas over a 
range of Supply pressures. 

2. Description of the Related Art 
A ventilation circuit, also commonly referred as a breath 

ing circuit or a patient circuit, may be employed to Supply a 
continuous flow of breathing gas to the airway of a spontane 
ously breathing patient. The ventilation circuit may include 
an exhaust assembly which provides an exhaust flow path for 
air exhaled by the patient. During the exhalation phase of the 
patient’s breathing, exhalation gas backflows into the venti 
lation circuit and, unless exhausted from the circuit, is re 
breathed by the patient during the next inhalation phase. 
Re-breathing of exhaled gas is undesirable because the exha 
lation flow contains carbon dioxide (CO). Reliable and thor 
ough exhaustion or purging of exhalation gas from the ven 
tilation circuit is, thus, an important feature of Such 
ventilation circuits. This purging becomes a more difficult 
problem the further the exhalation valve is located from the 
patient interface due to the amount of residual exhaled gas in 
the intervening ventilation circuit dead space. 

Conventional exhalation assemblies provide varying fluid 
flow at varying fluid pressures. However, the naturally occur 
ring relationship of fluid flow rate to pressure (flow is propor 
tional to the square root of pressure) may be unacceptable in 
a ventilation circuit for a number of reasons. In medical 
ventilators used to assist patient breathing and in similar 
devices used to Supply breathing gas to a spontaneously 
breathing patient, for example, it has been common practice 
to include a fixed size leak, especially in single limb patient 
circuits. The size of the leak is selected such that the exhaust 
gas is flushed out of the patient circuit before the exhaled gas 
can be re-breathed by the patient with the next inhalation. The 
fixed sized, i.e., fixed geometry or fixed orifice, leak may be 
provided by an exhalation valve. However, an exhalation 
valve with a flow characteristic that varies naturally with 
pressure variations in the patient circuit may not be Suitable as 
a patient circuit exhaust valve. 

Additionally, some pressure Support systems are adapted 
to supply bi-level pressure support in which the pressure of 
the air Supplied to the patient during exhalation is lower than 
the pressure of the air Supplied to the patient during inhala 
tion. With many conventional exhalation valves, the size of 
the fixed leak needed to flush exhaled gas from the circuit 
under the relatively lower pressure of exhalation is very large. 
However, the flow rate through such a fixed leak at the higher 
inhalation pressure results in enormous waste of Supply gas 
during inhalation. Such conditions may require a larger 
capacity pressure generator, commonly a blower, for 
example, than would otherwise be required. This too is waste 
ful in that the result is unnecessary added cost for the appa 
ratus and increased energy consumption to operate it. 

It is, therefore, preferable that the flow rate of the leak 
provided to flush exhaled gas from such a ventilation circuit 
does not change appreciably within the range of pressures 
applied in the circuit. In this sense, a fixed leak is more 
desirably one that provides a fixed flow rate, than one char 
acterized by a flow path cross-sectional area of fixed size. 
Among the prior art of valves purporting to regulate flow 

by means of pressure actuated regulators are those disclosed 
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2 
in U.S. Pat. Nos. 3,467,136, 3,474,831, 3,592,237, 3,948,289 
and 3,951,379. Other flow regulating valves are disclosed in 
U.S. Pat. Nos. 3,429,342, 3,473,571, 3,770,104, 4,182,371, 
4,234,013, 4,280,527, 4,351,510 and 4,354,516. U.S. Pat. 
No. 4,428.397, apparently related German Patent no. DE 27 
48 055 A1, and Russian Patent abstract SU 1015344A dis 
close a valve for controlling the rate of flow of fluid there 
through. In addition, U.S. Pat. No. 5,002.050 discloses a 
medical gas flow control valve and U.S. Pat. No. 5,438.981 
discloses an automatic safety valve and diffuser for a nasal 
and/or oral gas delivery mask. 

U.S. Pat. Nos. 5,685,296 and 5,937,855 disclose a flow 
regulating valve that exhausts gas from a ventilation circuit at 
a constant flow rate despite varying pressure in the ventilation 
circuit. However, as noted above, it may be further desirable 
to locate the exhaust valve at the mask, for example, so that 
the amount of ventilation circuit dead space is minimized and 
so that the need to provide a relatively bulky exhaust structure 
on the ventilation circuit is eliminated. In treating obstructive 
sleep apnea OSA, for example, a positive pressure therapy is 
provided to the patient while he or she sleeps. Therefore, it is 
preferable for the patient circuit to be flexible and readily 
movable during the pressure Support treatment. This goal may 
be frustrated by providing the exhaust valve on the patient 
circuit. In the hospital setting, it is also preferable to minimize 
the entanglements on the patient circuit to keep as clear a 
working area as possible for the doctors and nurses. 

Accordingly, a need exists for an apparatus and method for 
providing improved comfort for a patient receiving a flow of 
breathing gas which overcomes these and other problems 
associated with known systems. 

SUMMARY OF THE INVENTION 

In accordance with an aspect of the present invention, an 
exhaust assembly adapted for use in a respiratory gas delivery 
system comprises an exhaust vent, an exhaust gas flow pas 
sage, a primary gas flow passage, and a moveable member. 
The exhaust gas flow passage is structured to communicate a 
flow of exhaust gas from a first end of the exhaust assembly to 
the exhaust vent. The exhaust vent is structured to communi 
cate the flow of exhaust gas from the exhaust gas flow passage 
to ambient atmosphere. The primary gas flow passage is 
structured to communicate a flow of Supply gas from a second 
end of the exhaust assembly to the first end of the exhaust 
assembly. The moveable member defines at least a portion of 
the exhaust gas flow passage and the primary gas flow pas 
sage, is operable to isolate the flow of exhaust gas in the 
exhaust gas flow passage from the flow of Supply gas in the 
primary gas flow passage, and is responsive to a pressure 
differential between the flow of supply gas in the primary gas 
flow passage and the flow of exhaust gas in the exhaust gas 
flow passage. 

According to another aspect of the present invention, an 
elbow assembly for a respiratory mask comprises an elbow, 
wherein the elbow comprises an inlet adapted to couple with 
a flow generating device and an outlet adapted to couple with 
a patient interface device. The elbow further defines a primary 
gas flow passage adapted to communicate a flow of breathing 
gas from Such flow generator to Such patient interface device, 
an exhaust vent, an exhaust gas flow passage adapted to 
communicate a flow of exhaust gas from Such patient inter 
face device to the exhaust vent, wherein the exhaust vent is 
adapted to communicate the flow of exhaust gas from the 
exhaust gas flow passage to atmosphere, and a partition dis 
posed in the elbow and structured to isolate the flow of breath 
ing gas within the primary gas flow passage from the flow of 
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exhaust gas in the exhaust gas flow passage, the partition 
including a moveable member structured to be responsive to 
a pressure differential between the flow of breathing gas in the 
primary gas flow passage and the flow of exhaust gas in the 
exhaust gas flow passage. 

According to another aspect of the present invention, a 
patient circuit comprises an exhaust assembly, wherein the 
exhaust assembly comprises a first end and a second end. The 
exhaust assembly further defines a primary gas flow passage 
defined between the first end and the second end, an exhaust 
gas flow passage, an exhaust vent structured to fluidly connect 
the exhaust gas flow passage to ambient atmosphere through 
a wall of the exhaust assembly, wherein the exhaust gas flow 
passage extends from the first end to the exhaust vent, and a 
partition disposed in the exhaust assembly and structured to 
isolate the primary gas flow passage from the exhaust gas flow 
passage, the partition including a moveable member struc 
tured to be responsive to a pressure differential between the 
primary gas flow passage and the exhaust passage. 

According to another aspect of the present invention, a 
patient circuit comprises an exhaust assembly, wherein the 
exhaust assembly comprises a first end and a second end. The 
exhaust assembly further defines a primary gas flow passage 
defined therein from the first end to the second end and an 
exhaust gas flow passage defined therein, an exhaust vent 
structured to fluidly connect the exhaust gas flow passage to 
ambient atmosphere through a wall of the exhaust assembly, 
wherein the exhaust gas flow passage extends from the first 
end to the exhaust vent, a rigid wall disposed in the exhaust 
assembly defined between the primary gas flow passage and 
the exhaust gas flow passage so as to isolate the primary gas 
passage from the exhaust gas flow passage, and a flow regu 
lating member associated with the exhaust gas flow passage 
to control a rate of flow of exhaust gas passing to atmosphere 
through the exhaust gas flow passage by moving the flow 
regulating member into the exhaust gas flow path, wherein a 
degree of movement of the flow regulating member into the 
exhaust gas flow path increases as a pressure in the primary 
gas flow passage increases relative to a pressure in the exhaust 
gas flow passage. 

According to another aspect of the present invention, a 
patient circuit comprises an exhaust assembly wherein the 
exhaust assembly comprises a first end and a second end. The 
exhaust assembly further defines a primary gas flow passage 
defined therein from the first end to the second end, and an 
exhaust gas flow passage defined therein, an exhaust vent 
structured to fluidly connect the exhaust gas flow passage to 
ambient atmosphere through a wall of the exhaust assembly, 
wherein the exhaust gas flow passage extends from the first 
end to the exhaust vent, a rigid wall disposed in the exhaust 
assembly defined between the primary gas flow passage and 
the exhaust gas flow passage so as to isolate the primary gas 
passage from the exhaust gas flow passage, and a flow regu 
lating assembly operatively associated with the primary gas 
flow passage and the exhaust gas flow passage, wherein the 
flow regulating assembly is configured and arranged so as to 
pass a Substantially continuous flow of gas from the exhaust 
gas flow passage to ambient atmosphere at a Substantially 
constant flow rate irrespective of variation of pressure in the 
primary gas flow passage. 

According to another aspect of the invention, a method for 
providing a regimen of respiratory therapy comprises deliv 
ering a flow of breathing gas to a patient via a patient circuit 
having an exhaust assembly configured and arranged so as to 
pass a Substantially continuous flow of gas from the patient 
circuit to ambient atmosphere at a Substantially constant flow 
rate irrespective of variation of pressure in the flow of breath 
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4 
ing gas. The exhaust assembly comprises a first end and a 
second end, and further defines a primary gas flow passage 
defined therein from the first end to the second end, and an 
exhaust gas flow passage defined therein, an exhaust vent 
structured to fluidly connect the exhaust gas flow passage to 
ambient atmosphere through a wall of the exhaust assembly, 
wherein the exhaust gas flow passage extends from the first 
end to the exhaust vent, a rigid wall disposed in the exhaust 
assembly defined between the primary gas flow passage and 
the exhaust gas flow passage so as to isolate the primary gas 
passage from the exhaust gas flow passage, and a flow regu 
lating assembly operatively associated with the primary gas 
flow passage and the exhaust gas flow passage. 

These and other objects, features, and characteristics of the 
present invention, as well as the methods of operation and 
functions of the related elements of structure and the combi 
nation of parts and economies of manufacture, will become 
more apparent upon consideration of the following descrip 
tion and the appended claims with reference to the accompa 
nying drawings, all of which form a part of this specification, 
wherein like reference numerals designate corresponding 
parts in the various figures. It is to be expressly understood, 
however, that the drawings are for the purpose of illustration 
and description only and are not intended as a definition of the 
limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a system adapted for com 
municating a flow of breathing gas to an airway of patient 
according to an embodiment of the present invention; 

FIG. 2 is a perspective view of an exhaust assembly accord 
ing to one embodiment of the present invention; 

FIG.3 is a perspective view, from a first end, of the exhaust 
assembly shown in FIG. 2; 

FIG. 4 is an exploded view of the exhaust assembly shown 
in FIG. 2; 

FIG. 5 is a cross-sectional view of the exhaust assembly 
shown in FIG. 2; 

FIG. 6 is a pressure flow curve illustrating the effect of 
changing the durometer of a moveable membrane within the 
exhaust assembly; and 

FIG. 7 is a pressure flow curve illustrating the effect of 
changing the thickness of a moveable membrane within the 
exhaust assembly. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

Directional phrases used herein, such as, for example, left, 
right, clockwise, counterclockwise, top, bottom, up, down, 
and derivatives thereof, relate to the orientation of the ele 
ments shown in the drawings and are not limiting upon the 
claims unless expressly recited therein. 
As employed herein, the statement that two or more parts 

are “connected”, “coupled, or “attached' shall mean that the 
parts are joined or operate together either directly or joined or 
operate together through one or more intermediate parts. As 
employed herein, the term “numbershall mean one or more 
than one and the singular form of “a”, “an', and “the include 
plural referents unless the context clearly indicates otherwise. 
A respiratory gas delivery system 100 adapted to provide a 

regimen of respiratory therapy to a patient according to one 
embodiment is generally shown in FIG. 1. System 100 
includes a pressure generating device 103, a patient circuit 
102, and a patient interface device 105. Pressure generating 
device 103 is structured to generate a flow of supply gas (also 
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referred to herein as “breathing gas') and may include, with 
out limitation, ventilators, continuous pressure Support 
devices (such as a continuous positive airway pressure 
device, or CPAP device), variable pressure devices (e.g., 
BiPAPR), Bi-Flex(R), or C-FlexTM devices manufactured and 
distributed by Respironics, Inc. of Murrysville, Pa.), auto 
titration pressure Support systems, and even tanks of pressur 
ized gas. As the prior art is replete with descriptions of the 
various types of pressure generating devices, no further 
description of these items is necessary for present purposes. 

Patient circuit 102 is structured to communicate the flow of 
breathing gas from pressure generating device 103 to patient 
interface device 105. In the current embodiment, patient cir 
cuit 102 includes a conduit 104 and an exhaust assembly 1 
that are, as will be discussed in more detail herein, adapted to 
control a flow of exhaust gas discharged from system 100 
over a range of Supply pressures. Although illustrated as 
separate components, it is contemplated that conduit 104 and 
exhaust assembly 1 can be combined into a single component 
while remaining within the scope of the present invention. 

Patient interface 105 is typically a nasal or nasal/oral mask 
structured to be placed on and/or over the face of a patient 
101. Any type of patient interface device 105, however, which 
facilitates the delivery of the flow of breathing gas commu 
nicated from pressure generating device 103 to the airway of 
patient 101 may be used while remaining within the scope of 
the present invention. In the embodiment illustrated in FIG.1. 
patient interface 105 includes a rigid shell 106 and a cushion 
107. By conforming to the face of patient 101, cushion 107 is 
adapted to create an airtight seal between patient interface 
105 and the face of patient 101. Accordingly, the flow of 
breathing gas from pressure generating device 103 is com 
municated via patient circuit 102, through shell 106, to the 
airway of patient 101. As shown in FIG. 1, shell 106 is 
adapted to directly couple with exhaust assembly 1; other 
arrangements, however, are contemplated. 

FIGS. 2-5 provide several different views of an exhaust 
assembly 1, according to one embodiment of the present 
invention. In this embodiment, exhaust assembly 1 is a 90° 
elbow that couples conduit 104 to patient interface device 
105. It is to be understood, however, that the present invention 
contemplates the use of a variety of configurations for exhaust 
assembly 1. For example, an elbow of less than 90° may be 
used while remaining within the scope of the present inven 
tion. 

Referring to a FIG.2, exhaust assembly 1 includes an outlet 
(i.e., first end) 11, which is adapted to rotatably couple with a 
patient interface device (for example, patient interface device 
105 as shown in FIG. 1), an inlet (i.e., second end) 12, which 
is adapted to couple with a flow generating device (for 
example, to flow generating device 103 as shown in FIG. 1), 
and an exhaust vent 31 which is adapted to communicate a 
flow of exhaust gas from the interior of exhaust assembly 1 to 
atmosphere. 

Referring now to FIG. 4, exhaust assembly 1 generally 
includes a base portion 10, a moveable member 20, an 
exhaust portion 30, and a coupler 40. It should be apparent to 
one skilled in the art that the functions and/or structures of one 
or more of the various components may be combined and/or 
modified without departing from the scope of the present 
invention. 
A first end 41 of coupler 40 is adapted to rotatably couple 

to inlet 12 of base portion 10. Coupler 40, for example, is 
structured to slide over inlet 12 until an edge 46 of coupler 40 
engages an edge 16 of base portion 10 (see FIG. 5). Engage 
ment of edge 46 with edge 16 prevents coupler 40 from 
disengaging from base portion 10 while still allowing coupler 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
40 to freely rotate relative to base portion 10. A second end 42 
of coupler 40 is adapted to connect with a supply conduit. For 
example, coupler 40 is adapted Such that an end of conduit 
104 (as shown in FIG. 1) slides over the outer surface 45 of 
coupler 40 and abuts stop 44 of ring 43. Friction between 
conduit 104 and outer surface 45 prevents conduit 104 and 
coupler 40 from disengaging. Such friction fits are well 
known in the art; thus, no further description of such a fit is 
necessary for present purposes. It is contemplated, however, 
that other types of connections may be utilized to connect 
coupler 40 to conduit 104. 

In the current embodiment, base portion 10 includes a rigid 
member 13 which in conjunction with moveable member 20 
forma partition that, as will be discussed in more detail below, 
divides the interior of base portion 10 into two flow paths. 
Rigid member 13 generally extends from outlet 11 to the 
bottom portion of recess 15. Base portion 10 also includes a 
number of retention slots 14, here located on each side of base 
portion 10. 
Moveable member 20 includes an aperture 22, an outer rim 

23, and protrusions 24. Protrusions 24 define a slot 25. Move 
able member 20 is adapted such that when exhaust assembly 
1 is assembled, outer rim 23 rests within recess 15 of base 
portion 10 and rigid member 13 is received within slot 25. 

Exhaust portion 30 includes vent 31 which generally is 
comprised of a number of orifices, or holes, 32. Orifices 32 
allow a flow of gas to be communicated through a wall 33 of 
exhaust portion 30. A number of tabs 34 are disposed about 
exhaust portion 30. Tabs 34 are structured to be inserted into 
and engage retention slots 14 located on each side of base 
portion 10. Tabs 34 and retention slots 14 are structured to 
join base portion 10 to exhaust portion 30, while retaining 
moveable member 20 therebetween. Other means for joining 
base portion 10 with exhaust portion 30 are also contem 
plated. 
As best seen in FIG. 5, rigid member 13 and movable 

member 20 help define a primary gas flow passage 51 (which 
extends from inlet 12 to outlet 11) and an exhaust gas flow 
path 52 (which extends from outlet 11 to exhaust vent 31) 
within exhaust assembly 1. More specifically, rigid member 
13 and moveable member 20, together with the wall of base 
portion 10 and wall 33 of exhaust portion 30, define an 
exhaust gas flow passage 52 between outlet 11 and exhaust 
vent 31. Rigid member 13 and moveable member 20, together 
with the wall of base portion 10, also define primary gas flow 
passage 51 between outlet 11 and inlet 12. Rigid member 13 
and flexible surface 21 of moveable member 20 keep any flow 
of gas present within primary gas flow passage 51 separated 
from any flow of gas present within exhaust gas flow passage 
52. Although the partition in the current embodiment includes 
a rigid member 13 and a moveable member 20, other arrange 
ments are contemplated. For example and without limitation, 
it is contemplated that the partition can be constructed of only 
a moveable member 20. 

Exhaust gas flow passage 52 is structured to communicate 
a flow of exhaust gas (generally indicated by arrows 54) from 
outlet 11 to exhaust vent 31. Exhaust vent 31 is structured to 
communicate the flow of exhaust gas 54 from exhaust gas 
flow passage 52 to ambient atmosphere. Primary gas flow 
passage 51 is structured to communicate a flow of supply gas 
(generally indicated by arrows 52) from inlet 12 to outlet 11. 
Moveable member 20 defines at least a portion of the exhaust 
gas flow passage 52 and the primary gas flow passage 51, is 
operable to isolate the flow of exhaust gas 54 in the exhaust 
gas flow passage 52 from the flow of supply gas 53 in the 
primary gas flow passage 51, and is responsive to a pressure 
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differential between the flow of supply gas 53 in the primary 
gas flow passage 51 and the flow of exhaust gas 54 in the 
exhaust gas flow passage 52. 

In operation, moveable member 20 functions as a flow 
regulator by increasing the resistance that the flow of exhaust 
gas 54 encounters in passing to atmosphere through the 
exhaust gas flow passage 52. In the current embodiment, 
moveable member 20 moves into and effectively alters the 
cross-sectional area of exhaust gas flow passage 52 in 
response to the difference between the pressure in the primary 
gas flow passage 51 and the pressure in the exhaust gas flow 
passage 52. The degree of movement of moveable member 20 
into exhaust gas flow passage 52 increases as a pressure in the 
primary gas flow passage 51 increases relative to a pressure in 
exhaust gas flow passage 52. For example as seen in FIG. 5, 
the greater the pressure exerted by the flow of supply gas 53 
on side 21a of flexible membrane 21 relative to the pressure 
exerted by the flow of exhaust gas 54 on side 21b of flexible 
membrane 21, the more moveable member 20 moves into 
exhaust gas flow passage 52. As less pressure is exerted by the 
flow of supply gas 53 on side 21a relative to the pressure 
exerted by the flow of exhaust gas 54 on side 21b, the more 
moveable member 20 returns to its at-rest state and the less 
exhaust gas flow passage 52 is blocked. 

In the current embodiment, the rate of flow of exhaust gas 
54 is controlled by at least one of the size of aperture 22 
(which admits the flow of exhaust gas 54 into the exhaust gas 
flow passage 52), the flexibility of membrane 21, and the 
number, size, and/or location of orifices 32. Other design 
features and/or structures may also be used to control the rate 
of flow of exhaust gas 54. For example, the spacing between 
wall 33 and membrane 21 may be altered to change the 
cross-sectional area of the exhaust gas flow passage 52, thus 
changing the rate of flow of exhaust gas 54. As yet another 
example, elastic membrane 21 may be replaced by, or 
employed in conjunction with, a piston or other structure 
which alters the area of the exhaust gas flow passage 52 in 
response to the difference in pressure between in the primary 
gas flow passage 51 and the pressure in the exhaust gas flow 
passage 52. The amount that the piston moves in response to 
this pressure differential can be predetermined, for example, 
by selection of the piston's set spring constant. 

Moveable member 20 is configured and arranged so as to 
control the passage of a Substantially continuous flow of 
exhaust gas 54 from the exhaust gas flow passage 52 to 
ambient atmosphere at a Substantially constant flow rate irre 
spective of variation of pressure in the primary gas flow 
passage 51. From the above description, it can be appreciated 
that the pressure differential across moveable member 20 
created by the difference between the pressure within primary 
gas flow passage 51 and the pressure within exhaust gas flow 
passage 52 will tend to force moveable membrane 20 into 
exhaust gas flow passage 52, thereby diminishing the effec 
tive cross-sectional area of the exhaust gas flow passage 52 by 
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exhaust gas 54. The amount by which the effective cross 
sectional area of exhaust gas flow passage 52 is diminished 
will depend on the magnitude of the pressure differential to 
which moveable member 20 is subjected. When the pressure 
differential increases, moveable member 20 is deformed into 
exhaust gas flow passage 52 by a further increment, thereby 
decreasing the cross-sectional area of the exhaust gas flow 
passage 52, and when the differential pressure decreases, 
moveable member 20 recoils, thus, increasing the cross-sec 
tional area of exhaust gas flow passage 52. 

The geometry, dimensions, and material properties (such 
as, the hardness for example, in durometer) of moveable 
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8 
member 20, aperture 22, exhaust gas flow passage 52, and/or 
primary gas flow passage 51, as well as the geometry, dimen 
sions, and number of orifices 32 in exhaust vent 31, may be 
selected to provide the desired control over the flow rate of the 
exhaust gas flow passage 52 over a range of pressures pro 
vided by a pressure generating device. For example, the 
present invention contemplates that the cross-sectional area 
of exhaust gas flow passage 52 diminishes and increases Such 
that, in response to increasing and decreasing pressure differ 
entials, respectively, the rate of flow of the exhaust gas 54 
remains essentially constant over a range of expected venti 
lation circuit pressures. The specific configurations shown in 
the figures are provided for illustration purposes and are not 
intended to be the only possible configuration for accom 
plishing this function. 

In the embodiment illustrated in FIGS. 2-5, moveable 
member 20 is a resiliently deformable, elastic membrane 
(such as, and without limitation, silicone rubber). It is con 
templated; however, that moveable member 20 can encom 
pass other structures (such as and without limitation, a piston 
and spring combination) which are responsive to the pressure 
differential between the primary gas flow passage 51 and the 
exhaust gas flow passage 52. 

It is further contemplated that the flow characteristics of the 
exhaust assembly 1 may be easily tailored to a specific flow 
rate, for example, by using different moveable membranes 
20. FIG. 6, for example, illustrates the flow characteristics for 
different moveable member 20; each with an elastic mem 
brane 21 having the same thickness (i.e., 0.3 mm or 0.012 
inches), but having differing durometer (i.e., hardness). Gen 
erally, the greater the durometer of the membrane, the less 
elastic it becomes. The line identified by numeral 61 in FIG. 
6, for instance, illustrates that a membrane with a durometer 
of 10 has a flow plateau level of approximately 10-12 LPM 
over a pressure range of 20 to 40 cmH20: whereas the line 
identified by numeral 63 illustrates that a membrane with a 
durometer of 20 has a flow plateau level of approximately 
28-40 LPM over the same pressure range. Accordingly, a user 
can experiment by using a number of moveable membranes 
20 until finding one which provides the desired results. 
As another example, FIG. 7 illustrates the flow character 

istics for different moveable membranes 20; each with an 
elastic membrane 21 having a durometer of 10, but each with 
a different thickness. Generally, an increase in membrane 
thickness corresponds to a decrease in the deformation of the 
membrane. A decrease in deformation results in an increase in 
exhaust flow. The line identified by numeral 71 in FIG. 7, for 
instance, illustrates that a membrane with a thickness of 0.2 
mm (0.008 inches) has a flow plateau level of approximately 
10-11 LPM over a pressure range of 10 to 40 cmH20: whereas 
the line identified by numeral 73 illustrates a membrane with 
a thickness of 0.4 mm (0.016 inches) has a flow plateau level 
of approximately 11-16 LPM over the same pressure range. 

Exhaust assembly 1 provides a unique, flow rate control 
function to ensure an essentially constant exhaust gas flow 
rate through exhaust vent 31 throughout a range of pressure 
differentials across the exhaust assembly 1 (i.e., between 
exhaust gas flow passage 52 and ambient atmosphere). 
Because the ambient pressure is constant for all practical 
purposes, a constant exhaust flow rate over a range of pressure 
differentials means essentially a constant exhaust flow rate 
over a range of pressures. Such a range of pressures will 
routinely be observed in exhaust assembly 1, not only 
because patient breathing effort will generate pressure differ 
ences between inhalation and exhalation, but in addition 
because ventilation systems often are programmed to Supply 
differing levels of pressure in coordination with the patients 
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breathing. For example, it is known to operate pressure gen 
erator 103 in a bi-level mode to deliver a high pressure to the 
patient during inspiration than during expiration (see for 
example, U.S. Pat. Nos. 5,148,802 and 5,443,193 the contents 
of which are hereby incorporated by reference into the present 
application). 

Although the invention has been described in detail for the 
purpose of illustration based on what is currently considered 
to be the most practical and preferred embodiments, it is to be 
understood that such detail is solely for that purpose and that 
the invention is not limited to the disclosed embodiments, but, 
on the contrary, is intended to cover modifications and 
equivalent arrangements that are within the spirit and scope of 
the appended claims. It is to be understood that the present 
invention contemplates that, to the extent possible, one or 
more features of any embodiment can be combined with one 
or more features of any other embodiment. 
What is claimed is: 
1. An exhaust assembly adapted for use in a respiratory gas 

delivery system, comprising: 
an exhaust gas flow passage structured to carry a flow of 

exhaust gas received in a first end of the exhaust assem 
bly: 

an exhaust vent adapted to communicate the flow of 
exhaust gas from the exhaust gas flow passage to ambi 
ent atmosphere; 

a primary gas flow passage structured to communicate a 
flow of Supply gas from a second end of the exhaust 
assembly to the first end of the exhaust assembly: 

a moveable member defining at least a portion of the 
exhaust gas flow passage and at least a portion of the 
primary gas flow passage; and 

a base portion having a rigid member and a recess, wherein 
the movable member is received within the recess and 
the rigid member is received within a slot provided in a 
bottom of the movable member such that the rigid mem 
ber and the movable member in conjunction form a 
partition that divides an interior of the base portion into 
the exhaust gas flow passage and the primary gas flow 
passage, wherein the moveable member includes an 
aperture and a flexible surface, wherein the aperture 
forms apart of the exhaust gas flow passage, wherein the 
movable member is operable to isolate the flow of 
exhaust gas in the exhaust gas flow passage from the 
flow of Supply gas in the primary gas flow passage, 
wherein the movable member is responsive to a pressure 
differential between the flow of supply gas in the pri 
mary gas flow passage and the flow of exhaust gas in the 
exhaust gas flow passage, and wherein responsive to 
ventilation circuit pressures of 10 to 40 cmH2O within 
the primary gas flow passage: (i) the exhaust gas flow 
passage is maintained separate and independent from 
the primary gas flow passage and shares no common 
portions with the primary gas flow passage Such that any 
flow of gas within the primary gas flow passage is sepa 
rated from any flow of gas within the exhaust gas flow 
passage, and (ii) the exhaust gas flow passage is main 
tained in an open condition to allow the flow of exhaust 
gas from the first end of the exhaust assembly to the 
exhaust vent and out to the ambient atmosphere. 

2. The exhaust assembly of claim 1, wherein in response to 
the pressure differential between the flow of supply gas and 
the flow of exhaust gas, the moveable member is adapted to 
regulate a rate at which the flow of exhaust gas is communi 
cated to atmosphere through the exhaust vent. 

3. The exhaust assembly of claim 2, wherein the moveable 
member is adapted to regulate the rate at which the flow of 
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exhaust gas is communicated to atmosphere through the 
exhaust vent by altering the size of the exhaust gas flow 
passage. 

4. The exhaust assembly of claim3, wherein the moveable 
member is adapted to decrease the size of the exhaust gas flow 
passage in response to an increase in the pressure of the flow 
of Supply gas in the primary gas flow passage relative to the 
pressure of the flow of exhaust gas in the exhaust gas flow 
passage. 

5. The exhaust assembly of claim 1, wherein the first end of 
the exhaust assembly is adapted to rotatably couple with a 
patient interface device. 

6. The exhaust assembly of claim 1, wherein the second 
end of the exhaust assembly is adapted to couple with a flow 
generating device. 

7. The exhaust assembly of claim 1, wherein the exhaust 
vent is provided in a wall of an exhaust portion that is selec 
tively connectable to the base portion such that the moveable 
member is retained in between the base portion and the 
exhaust portion. 

8. An elbow assembly for a respiratory mask comprising an 
elbow, wherein the elbow comprises: 

(a) an inletadapted to couple with a flow generating device; 
and 

(b) an outlet adapted to couple with a patient interface 
device, wherein the elbow further defines: 
(1) a primary gas flow passage adapted to communicate 

a flow of breathing gas from Such flow generator to 
Such patient interface device; 

(2) an exhaust vent; 
(3) an exhaust gas flow passage adapted to communicate 

a flow of exhaust gas from Such patient interface 
device to the exhaust vent, wherein the exhaust vent is 
adapted to communicate the flow of exhaust gas from 
the exhaust gas flow passage to atmosphere; and 

(4) a partition disposed in the elbow and structured to 
isolate the flow of breathing gas within the primary 
gas flow passage from the flow of exhaust gas in the 
exhaust gas flow passage, the partition including a 
moveable member and a base portion having a rigid 
member and a recess, wherein the movable member is 
received within the recess and the rigid member is 
received within a slot provided in a bottom of the 
movable member such that the rigid member and the 
movable member in conjunction form the partition 
and wherein the partition divides an interior of the 
base portion into the exhaust gas flow passage and the 
primary gas flow passage, wherein the moveable 
member includes an aperture and a flexible surface, 
wherein the aperture forms a part of the exhaust gas 
flow passage, wherein the movable member is struc 
tured to be responsive to a pressure differential 
between the flow of breathing gas in the primary gas 
flow passage and the flow of exhaust gas in the 
exhaust gas flow passage, wherein responsive to Ven 
tilation circuit pressures of 10 to 40 cmH2O within the 
primary gas flow passage: (i) the exhaust gas flow 
passage is maintained separate and independent from 
the primary gas flow passage and shares no common 
portions with the primary gas flow passage Such that 
any flow of gas within the primary gas flow passage is 
separated from any flow of gas within the exhaust gas 
flow passage, and (ii) the exhaust gas flow passage is 
maintained in an open condition to allow the flow of 
exhaust gas from outlet to the exhaust vent and out to 
the atmosphere. 
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9. The elbow assembly of claim 8, wherein in response to 
the pressure differential between the flow of breathing gas 
and the flow of exhaust gas, the moveable member is adapted 
to regulate a rate at which the flow of exhaust gas is commu 
nicated to atmosphere through the exhaust vent. 

10. The elbow assembly of claim 9, wherein the moveable 
member is adapted to regulate the rate at which the flow of 
exhaust gas is communicated to atmosphere through the 
exhaust vent by altering the size of the exhaust gas flow 
passage. 

11. The elbow assembly of claim 10, wherein the moveable 
member is adapted to decrease the size of the exhaust gas flow 
passage in response to an increase in the pressure of the flow 
of breathing gas in the primary gas flow passage relative to the 
pressure of the flow of exhaust gas in the exhaust gas flow 
passage. 

12. The elbow assembly of claim 8, wherein the outlet is 
adapted to rotatably couple with a patient interface device. 

13. The exhaust assembly of claim 1, wherein the moveable 
member has an at rest position and is structured to move away 
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from the at rest position and into the exhaust gas flow passage 
and reduce an effective cross-sectional area of the exhaust gas 
flow passage in response to a pressure within the primary gas 
flow passage exceeding a pressure within the exhaust gas flow 
passage. 

14. The elbow assembly of claim 8, wherein the moveable 
member has an at rest position and is structured to move away 
from the at rest position and into the exhaust gas flow passage 
and reduce an effective cross-sectional area of the exhaust gas 
flow passage in response to a pressure within the primary gas 
flow passage exceeding a pressure within the exhaust gas flow 
passage. 

15. The elbow assembly of claim 8, wherein the exhaust 
vent is provided in a wall of an exhaust portion that is selec 
tively connectable to the base portion such that the moveable 
member is retained in between the base portion and the 
exhaust portion. 


